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7KHSRSXODULW\RIWKHSUHVWUHVVHGFRQFUHWHZDVHYROYLQJZLWKWLPHWRUHDFKDSKDVHRIUDSLGGHYHORSPHQW7RGD\
SUHDQGSRVWWHQVLRQHGFRQFUHWHEHDPVDUHEHLQJZLGHO\XVHGLQWUDQVSRUWLQIUDVWUXFWXUHDQGLQEXLOGLQJV
$ KLJK GHJUHH RI FRPSOH[LW\ PDNHV VWUXFWXUDO HOHPHQWV SDUWLFXODUO\ VHQVLWLYH WR EDG ZRUNPDQVKLS ,W LV WKXV
LPSRUWDQW WR GHWHFW HUURUV DV VRRQ DV SRVVLEOH DV WKH\PD\ KDYH D VXEVWDQWLDO LQIOXHQFH RQ EHDULQJ FDSDFLW\ DQG
GXUDELOLW\RIWKHEHDPV3DUWLFXODUDWWHQWLRQVKRXOGEHSDLGWRSUHFDVWFRQFUHWHSODQWVZKHUHWKHHOHPHQWVDUHSURGXFHG
4XDOLW\FRQWURORISUHVWUHVVHGEHDPVIRFXVHVSULPDULO\RQ
• FKHFNLQJFDEOHGXFWVIRUEORFNDJHV
• PHDVXULQJFRYHUWKLFNQHVVZLWKDFRYHUPHWHU
• WHVWLQJFRPSUHVVLYHVWUHQJWKRIFRQFUHWHZLWKD6FKPLGWKDPPHU
7KHVH SURFHGXUHV IDLO WR SURYLGH VXIILFLHQW LQIRUPDWLRQ DERXW WKH UHLQIRUFHPHQW DUUDQJHPHQW RU FDEOH GXFW
WUDMHFWRU\DIWHUJURXWLQJDQGVWUHVVLQJ7KLVSUREOHPFDQEHVROYHGE\WKHXVHRIDUDGDUPHWKRGIRUSUHIDEULFDWHG
FRQFUHWHEHDPVWHVWLQJDVLWZDVSUHVHQWHGLQIROORZLQJSDSHUV>@*35PHWKRGZLGHO\DFFHSWHGLVFRQWLQXRXVO\
GHYHORSHGDQGLPSURYHG
5DGDUPHWKRG
 7KHUDGDUPHWKRGPHDVXUHPHQWVXVHHOHFWURPDJQHWLFZDYHVHPLVVLRQLQWRWKHPDWHULDODQGUHFRUGUHIOHFWHGVLJQDOV
DWWKHERXQGDULHVRIWKHPHGLDFRPSULVLQJWKHHQYLURQPHQWZLWKGLIIHUHQWHOHFWULFSDUDPHWHUV7KHSURSDJDWLRQRI
UDGLRZDYHVLQWKHIUHTXHQF\UDQJHFKDUDFWHULVWLFRIWKHUDGDUPHWKRGLVGHVFULEHGE\WKHFODVVLFDOHOHFWURPDJQHWLF
ILHOGWKHRU\7KHUDGDUPHWKRGUHODWHGLVVXHVKDYHEHHQWKRURXJKO\SUHVHQWHGLQWKHOLWHUDWXUH>@>@7KHPHWKRG
XVHVDJHRUDGDU*357KHPRVWFRPPRQO\DSSOLHG*35LVDQLPSXOVHJHRUDGDUZKLFKJHQHUDWHVHOHFWURPDJQHWLF
ZDYHVLQWKHIRUPRISXOVHVZLWKVSHFLILHGIUHTXHQF\7KHSHQHWUDWLRQGHSWKGHSHQGVRQWKHVLJQDOVWUHQJWKZKLFKLV
KRZHYHUOLPLWHGIRUXVHUVDIHW\UHDVRQV7KHSURELQJLPSXOVHLVWUDQVPLWWHGRYHUWLPHGXUDWLRQIURPWRQVDQG
WKHVLJQDOHFKRLVGHWHFWHGEHWZHHQWKHSXOVHLQWHUYDOV>@7KHPHDVXUHPHQWXVHVWKHUHIOHFWLRQPRGHRISURILOLQJ
ZKHUHERWKDQWHQQDVWUDQVPLWWLQJDQGUHFHLYLQJDUHSODFHGLQSDUDOOHODQGPRYHGSHUSHQGLFXODUWRWKHPDUNHGRXW
PHDVXUHPHQWSURILOH7KHHOHFWULFILHOGLVSRODUL]HGLQSDUDOOHO WRWKHORQJHUD[LVRIWKHDQWHQQDV7KHVSDFLQJDQG
RULHQWDWLRQRIDQWHQQDVVXEVWDQWLDOO\DIIHFWWKHZDYHLPDJHUHFRUGHG,WLVLPSRUWDQWWRPDLQWDLQWKHVKLIWVWHDG\ZKHQ
WULJJHULQJWKHVLJQDODWWKHFRQVWDQWWLPHLQWHUYDO>@


)LJ5HIOHFWLRQSURILOLQJ
7KHDFFXUDF\RIUDGDUVXUYH\VLVGHSHQGHQWRQWKHKRUL]RQWDODQGYHUWLFDOUHVROXWLRQDQGLVGHWHUPLQHGEDVHGRQ
WKHLQWHUUHODWLRQEHWZHHQWZRUHWXUQSXOVHV>@
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3ULRUWRWKHVXUYH\WKHJHRUDGDUKDVWREHSURSHUO\FDOLEUDWHGE\HVWDEOLVKLQJ
• WKHOHQJWKRIWLPHZLQGRZDQGQXPEHURIVDPSOHVLQWKHWUDFH
• WKHQXPEHURIVLJQDOVXPV
• WKHPRGHDQGLQWHUYDORIWUDFHUHFRUGV
• WKHIUHTXHQF\RIVLJQDOVDPSOLQJ
5HOHYDQWSULQFLSOHVDQGSURFHGXUHVIRUFRUUHFWGHWHUPLQDWLRQRIWKHVHSDUDPHWHUVDUHLQFOXGHGLQ>@DQG>@7KHGDWD
REWDLQHGLQWKHIRUPRIUDGDULPDJHVRUUDGDUJUDPVKDYHWREHSURFHVVHGZLWKWKHXVHRIGHGLFDWHGVRIWZDUHDQGUHOHYDQW
ILOWUDWLRQSURFHGXUHV7KHVHOHFWLRQRIWKHVHSURFHGXUHVDQGWKHLUVHTXHQFHLVLPSRUWDQWDQGGLUHFWO\UHODWHGWRWKHDLPRI
WKLVVWXG\7KHSURFHGXUHVDQGWKHRUGHURIWKHLULPSOHPHQWDWLRQZHUHHVWDEOLVKHGEDVHGRQ>@DQG>@
'LHOHFWULFSURSHUWLHVRIFRQFUHWH
7R EH DEOH WR SHUIRUP GLDJQRVWLFV VWXGLHV ZLWK D JHRUDGDU LW LV QHFHVVDU\ WR KDYH NQRZOHGJH RI EDVLF
HOHFWURPDJQHWLFSURSHUWLHVRIDJLYHQPHGLXPLHSDUWLFXODUO\LWVPDJQHWLFSHUPHDELOLW\HOHFWULFSHUPLWWLYLW\ܭ
DQGFRQGXFWLYLW\ʍ7KLVLVDFULWLFDOFRQGLWLRQIRUWKHVHOHFWLRQRIILOWUDWLRQSURFHGXUHV
&RQFUHWHDSRURXVQRQKRPRJHQHRXVPDWHULDOZLWKSRUHVSDUWLDOO\ILOOHGZLWKLRQLFVROXWLRQLVHVVHQWLDOO\DORZ
ORVVQRQPDJQHWLFPHGLXP7KLVLPSOLHVWKDWWKHPDJQHWLFSHUPHDELOLW\RIFRQFUHWHLVɊ଴ ൌ ͶɎ ൈͳͲି଻+P7KH
HIIHFWLYHSHUPLWWLYLW\LVH[SUHVVHGE\WKHIROORZLQJIRUPXOD
 
ZKHUH WKH UHDO SDUW RI WKH HIIHFWLYHSHUPLWWLYLW\ᖡ௘ூ FRQWDLQLQJᖡூDQGɐூூUHSUHVHQWV WKH DELOLW\ RI FRQFUHWH WR VWRUH
HOHFWURPDJQHWLFHQHUJ\7KH LPDJLQDU\SDUWZKLFKFRQWDLQVᖡூூDQGɐூH[SUHVVHVHOHFWURPDJQHWLFHQHUJ\ ORVV7KH
HIIHFWLYHSHUPLWWLYLW\LVXVXDOO\GLYLGHGE\HOHFWULFDOSHUPLWWLYLW\LQWKHDLUZKLFKLVᖡ଴ ൌ ͺǤͺͷͶ ൈͳͲିଵଶ)P7KH
FRQVWDQWSHUPLWWLYLW\LVGHILQHGDV
          
7KHUHDOSDUWᖡ௥ூ LVXVXDOO\GHVFULEHGDVGLHOHFWULFFRQVWDQWDQGH[SUHVVHVWKHDPRXQWRIHOHFWURPDJQHWLFHQHUJ\VWRUHG
DVHOHFWULFSRODUL]DWLRQ7KHLPDJLQDU\SDUWᖡ௥ூூORVVIDFWRUUHSUHVHQWVHQHUJ\ORVVHVLQGXFHGE\DEVRUSWLRQDQGKDVD
VLJQLILFDQWLPSDFWRQWKHDWWHQXDWLRQRIZDYHV)RUFRQFUHWHᖡ௥ூூ ൎ ͲǡRZLQJWRZKLFKFRQVWDQWSHUPLWWLYLW\LVHTXDOWR
GLHOHFWULF FRQVWDQW7KLVPDNHV WKH YHORFLW\ RI HOHFWURPDJQHWLFZDYH SURSDJDWLRQ GHSHQG VROHO\ RQ WKH GLHOHFWULF
FRQVWDQW>@
1XPHURXVVWXGLHVKDYHEHHQGHYRWHGWRWKHGLHOHFWULFFRQVWDQWLQFRQFUHWH>@,WKDVEHHQIRXQGWKDW
• 0RLVWXUHFRQWHQWKDVWKHPRVWSURPLQHQWHIIHFWRQWKHYDOXHRIGLHOHFWULFFRQVWDQW
• 5HODWLYHSHUPLWWLYLW\DQGFRQGXFWLYLW\GHFUHDVHZLWKGHFUHDVLQJIUHHZDWHUFRQWHQWLQFRQFUHWH
• 'LIIHUHQFHVUHVXOWLQJIURPWKHPL[FRQVWLWXHQWVRUVWUHQJWKOHYHOKDYHPLQRULQIOXHQFHFRPSDUHGZLWKWKH
LQIOXHQFHRIPRLVWXUHH[FHSWZKHQVWHHOILEUHVRUKRQH\FRPELQJDUHSUHVHQWRQGLHOHFWULFSURSHUWLHVRIFRQFUHWH
DQGDIIHFWFRQGXFWLYLW\PRUHWKDQSHUPLWWLYLW\
• 5HVDWXUDWLRQSURGXFHVVLPLODUSHUPLWWLYLW\DQGFRQGXFWLYLW\YDOXHVWRWKRVHREWDLQHGGXULQJGU\LQJ
• 7HPSHUDWXUHKDVDQHJOLJLEOHHIIHFWRQWKHYHORFLW\RIHOHFWURPDJQHWLFZDYHLQWKHFRQFUHWH

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0HDVXUHPHQWUHVXOWV
4.1. Apparatus 
7KH SUHSRVWWHQVLRQHG EHDPVZHUH H[DPLQHG XVLQJ DQ ,'6$OODGGLQ LPSXOVH JHRUDGDUZLWK D *+] ELSRODU
DQWHQQD 3ULRU WR WKH H[DPLQDWLRQ WKH GHYLFHZDV FDOLEUDWHG DQG WKH VLJQDO SURSDJDWLRQ YHORFLW\ LQ WKH FRQFUHWH
PHGLXPZDVHVWLPDWHGWREHZLWKLQWRFPQV7KH]RQHVRILQFUHDVHGPRLVWXUHFRQWHQWZHUHLGHQWLILHGZLWKD
PRLVWXUHPHWHU7KHSHQHWUDWLRQUDQJHZDVHVWDEOLVKHGWREHDERXWP
4.2. Subject of study 
7KHH[DPLQDWLRQZDVSHUIRUPHGRQSUHSRVWWHQVLRQHGEHDPVPDQXIDFWXUHGE\DSUHFDVWFRQFUHWHSODQWIRUWKHin-situ 
SODFHPHQW7KHWHQVLRQLQJIRUFHZDVUHDOL]HGE\SUHOLPLQDU\GHIRUPDWLRQRIDFWLYHVWHHOLHFDEOHVWUDQGVDQGEDUV7KH
WHQVLRQLQJSURJUHVVHGLQWZRVWDJHVEHIRUHDQGDIWHUJURXWLQJZKHQWKHFRQFUHWHDWWDLQHGWKHUHTXLUHGGHVLJQVWUHQJWK

)LJ3UHSRVWWHQVLRQHGEHDPPDQXIDFWXUHGDWDSUHFDVWFRQFUHWHSODQW
(DFKEHDPKDGSURWUXGLQJVWLUUXSVWRFRRSHUDWHZLWKWKHFRQFUHWHRYHUOD\7KHFDEOHWUDMHFWRU\DJUHHGZLWKWKH
VKDSHRIWKHEHQGLQJPRPHQWVGLVWULEXWLRQ7KHORZHUSUHVWUHVVHGUHLQIRUFHPHQWFRPSULVHGVHYHQUHLQIRUFHPHQWURZV
ZLWKVHYHQVWUDQGVSODFHGLQWKHILUVWURZWZRVWUDQGVLQWKHODVWURZDQGIRXUVWUDQGVLQWKHUHPDLQLQJURZV,QWKH
VKHDU]RQHVZLUHORRPVZHUHXVHGWRH[FOXGHWKHVWUDQGVIURPLQWHUDFWLRQZLWKWKHVHFWLRQ$OOWKHEHDPVZHUHPDGH
IURP&FRQFUHWHDQGWKHVWUDQGVZHUHZLUHVWUDQGV
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4.3. Measurement route 
(DFKFDVHRIJHRUDGDUSURILOLQJZDVSHUIRUPHGIURPWKHERWWRPRIWKHEHDPDORQJLWVD[LVRIV\PPHWU\7KHWUDYHO
URXWHVRIWKHGHYLFHDQGEHDPVHFWLRQVDUHVKRZQEHORZ













)LJ$QWHQQDWUDYHOURXWH











)LJ6HFWLRQVRIWKHEHDP
7KHWUDYHOURXWHRIWKHJHRUDGDUFRYHUHGVHFWLRQV$$%%&&DQG''6HFWLRQV((DQG))ZHUHLQDFFHVVLEOH
IRUVFDQQLQJ7KHZHOGHGVWHHOFURVVEDUVDOORZHGHVWDEOLVKLQJSURSHUFDEOHWUDMHFWRU\DQGVHFXULQJLWZKLOHFDVWLQJ
4.4. Results  
7KHH[DPLQDWLRQVZHUHSHUIRUPHGRQSUHSRVWWHQVLRQHGEHDPVLQWKHSUHFDVWFRQFUHWHSODQW3U]\EOLĪRQ\F]DV
EDGDQLDHOHPHQWXRGPRPHQWXSURILORZDQLDGRX]\VNDQLDUDSWRUWXNRĔFRZHJRZ\QRVLáRNRáRJRG]LQ(VWLPDWHG
WLPHRI WKH VWXG\ IURPSURILOLQJ WRREWDLQLQJ WKH ILQDO UHSRUWZDV DERXWKRXUV IRU D VLQJOHEHDP(DFK UHVXOW
REWDLQHGDVDUDGDUJUDPZDVSURFHVVHGWKURXJKILOWHULQJZLWKWKHXVHRIILOWUDWLRQSURFHGXUHVLQWKHIROORZLQJRUGHU
• 0RYHVWDUWWLPH
• %DFNJURXQGUHPRYDO
• 9HUWLFDOEDQGSDVVILOWHU7'
• 6PRRWKHGJDLQ
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$GHIRUPHGFDEOHGXFWZDVGHWHFWHGLQRQHRIWKHEHDPVDVVKRZQLQWKHUDGDUJUDPIRUWKLVDQRPDO\EHORZ

)LJ5DGDUJUDPRIWKHGHIRUPHGFDEOHGXFW
7KHUDGDUJUDPVKRZVWZR]RQHVLQZKLFKWKHERWWRPSDUWRIWKHFDEOHGXFWZDVGHIRUPHGGXHWRWKHKLJKHVWFRQFUHWH
PL[WXUHSUHVVXUH7KHVHUHJLRQVZHUHH[DPLQHGZLWKDPRLVWXUHPHWHUWRPDNHVXUHWKDWWKHDQRPDOLHVZHUHQRWFDXVHG
E\WKHFKDQJHLQWKHVLJQDOSURSDJDWLRQYHORFLW\UHVXOWLQJIURPWKHIUHHZDWHUFRQWHQWYDULDWLRQV7KHGHYLFHVKRZHG
VLPLODUYDOXHVIURPWRLQHDFKEHDPUHJLRQ7KHXSSHUSDUWRIWKHGXFWZDVDOLJQHGLQDFFRUGDQFHZLWKWKH
GHVLJQHGURXWH6HFWLRQVFRUUHVSRQGLQJWRWKHEHDPVHFWLRQVZHUHGHWHFWHGDQGGHVFULEHG7KHLQWHUIDFHUXQQLQJDORQJ
WKHOHQJWKRIWKHEHDPUHSUHVHQWVWKHFOXWWHUFDXVHGE\WKHHOHFWURPDJQHWLFZDYHUHIOHFWLRQVIURPWKHFRQFUHWHIORRU
7KHZDYHLPDJHKHOSVGHWHUPLQHWKHVSDFLQJDQGQXPEHURIVWLUUXSVZLWKWKHGLVWDQFHEHWZHHQWKHVWLUUXSVQRWLFHDEO\
GHQVHULQWKHVKHDU]RQHWKDQLQWKHVSDQ]RQH
%HFDXVHVWHHOLVDQHOHFWULFFXUUHQWFRQGXFWRUDRIHQHUJ\UHDFKLQJWKLVPHGLXPLVUHIOHFWHGZKLFKPHDQV
WKDWLWVFRQGXFWLYLW\LVKLJKDQGSHUPLWWLYLW\LVORZ7KLVLPSOLHVWKDWLQWKHFDVHRIWZRRUPRUHURZVRIUHLQIRUFHPHQW
WKHHOHFWURPDJQHWLFZDYHLVUHIOHFWHGPXOWLSOHWLPHVDQGWKHHIIHFWLYHDWWHQXDWLRQVXUIDFHLVUHGXFHGWKXVOHDGLQJWR
WKHGURSLQWKHHOHFWULFILHOGLQWHQVLW\,QFUHDVLQJWKHQXPEHURIUHLQIRUFHPHQWURZVE\DWOHDVWRQHURZFRQWULEXWHVWR
WKHORZHULQJRIWKHHOHFWULFILHOGLQWHQVLW\E\DWOHDVW>@,WLVWKXVYHU\GLIILFXOWWRGHWHUPLQHWKHSRVLWLRQRI
UHLQIRUFHPHQWXVLQJWKHUDGDUPHWKRGLQWKHFDVHRIVHYHUDOURZVRIUHLQIRUFHPHQW
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$QRWKHULPSRUWDQWDVSHFWLVZKLFKUHLQIRUFHPHQWSDUWLVFRYHUHGE\WKHUDGLDWLRQFRQH)LJXUHVKRZVWKHSRUWLRQ
RIWKHVWUDQGVFDSWXUHGE\WKHFRQHDQGWKHGLVWULEXWLRQRIVLJQDOLQVHFWLRQ,WFDQEHVHHQIURPWKHILJXUHWKDWWKH
FRQHFRYHUVWKHILUVWILIWKDQGVL[WKURZRIVWUDQGV:LWKWKLVSURILOLQJPRGHLWLVLPSRVVLEOHWRHVWDEOLVKWKHSRVLWLRQ
RIWKHUHPDLQLQJURZV%DVHGRQWKHVLJQDODPSOLWXGHLWLVSRVVLEOHWRH[DFWO\GHILQHWKHWLPHDWZKLFKUHIOHFWLRQIURP
WKHORZHUDQGXSSHUSDUWRIWKHFDEOHGXFWRFFXUUHGDVVKRZQ)LJ7KLVDOORZVORFDWLQJWKHFDEOHGXFWLQWKHEHDP
DVE\GHWHUPLQLQJWKHYHORFLW\EDVHGRQWKHGLHOHFWULFFRQVWDQWZHDUHDEOH WRFDOFXODWH WKHURXWH WUDYHOOHGE\WKH
VLJQDO
6HFWLRQ''ZDVQRWORFDWHGRQWKHUDGDUJUDPEHFDXVHWKHGXFWZDVEH\RQGWKHUDQJHRIWKHDQWHQQDDQGEHFDXVH
RI WKHQXPEHURI UHIOHFWLRQ IURP WKH VWUDQG URZV ORFDWHGEHORZ WKHGXFWZKLFKGHIRUPHG WKHSURSDJDWLQJ VLJQDO
FRQVLGHUDEO\DQGWKHLPDJHZDVLPSRVVLEOHWRLQWHUSUHW
7KHTXDOLW\RIWKHORZHUFRYHUFDQEHHYDOXDWHGEDVHGRQWKHYHUWLFHVRISDUDERODV+HUHWKHYHUWLFHVDUHDUUDQJHG
DORQJRQHOLQHZKLFKFRQILUPVSURSHUH[HFXWLRQRIWKHFRYHUOD\HU
&RQFOXVLRQV
7KHH[DPLQDWLRQVDOORZHGFDSWXULQJ LUUHJXODULWLHV LQH[HFXWLRQRI WKHSUHSRVWWHQVLRQHGFRQFUHWHEHDP ,Q WKLV
FDVHLWZDVWKHGHIRUPDWLRQRIWKHFDEOHGXFW,WLVDYHU\LPSRUWDQWRSSRUWXQLW\DVDIWHUWKHFDEOHGXFWLQMHFWLRQLW
ZLOOEHYHU\GLIILFXOWRUHYHQLPSRVVLEOHWRGRLW3URSHULQMHFWLRQLVFULWLFDOIURPWKHSHUVSHFWLYHRIVWUXFWXUDOVDIHW\
EHFDXVHLWSURYLGHVWKHWHQGRQVZLWKSURWHFWLRQDJDLQVWFRUURVLRQDQGDOORZVFRRSHUDWLRQRIWKHSUHVWUHVVHGUHLQIRUFHG
FRQFUHWHVHFWLRQ>@5DQGRPGULOOLQJVWRWKHGXFWQHDUWKHPLGVSDQRIWKHEHDPDIWHULQMHFWLRQRQDEXLOGLQJVLWH
GHPRQVWUDWHGWKLVLUUHJXODULW\FDSWXUHGE\WKHJHRUDGDU7KHLQMHFWLRQLQWKLV]RQHZDVSHUIRUPHGLPSURSHUO\
7KH FDXVHV RI WKH GHIHFWPD\ LQFOXGH WRR ODUJH D GLVWDQFH EHWZHHQ WKH IL[LQJ FURVVEDUVPLVVLQJ FURVVEDUV RU
LPSURSHUIL[LQJ7KLVPLJKWLQGXFHWKHGHIRUPLQJSUHVVXUHRIWKHPL[WXUHRQWKHERWWRPSDUWRIWKHFDEOHGXFW7KH
GLDJUDPLVVKRZQEHORZ
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)LJ6WDJHVRIFDEOHGXFWGHIRUPDWLRQ
7KHVWXGLHVSHUIRUPHGLQGLFDWHWKDWWKHUDGDUPHWKRGFDQEHDVRXUFHRIYDOXDEOHLQIRUPDWLRQIRUWKHDVVHVVPHQWRI
SUHSRVWWHQVLRQHG EHDPPDQXIDFWXUH LQ WKH SUHFDVW FRQFUHWH SODQWV ,W KDV WR EH UHPHPEHUHG KRZHYHU WKDW WKH
PHWKRGVKDVVRPHOLPLWDWLRQVUHVXOWLQJIURPWKHVHOHFWLRQRIDSSDUDWXVFRPSOH[LW\RIZDYHGLVWULEXWLRQLQWKHFDVHRI
VHYHUDOUHLQIRUFHPHQWURZVRUUDGLDWLRQFRQHZKLFKLQWKHEHDPVZLWKFRPSOH[JHRPHWU\PD\QRWEHDEOHWRFRYHU
WKHZKROHVHFWLRQRIWKHEHDP3URSHULQWHUSUHWDWLRQDQGILOWUDWLRQRIGDWDREWDLQHGIURPWKHUDGDULVDOVRYHU\LPSRUWDQW
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>@+ĩyáNLHZVNL.ĩyáNLHZVNL3ĩyáNLHZVNLODWVWRVRZDQLDNRQVWUXNFMLVWUXQREHWRQRZ\FKZSROVNLPEXGRZQLFWZLH,QĪ\QLHULDL
%XGRZQLFWZR1U
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